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PREFACE 


This  report  is  a synthesis  of  the  results  of  research  conducted 
from  January  1974  to  April  1977  by  personnel  of  the  Mobility  Systems 
Division  (MSD),  Mobility  and  Environmental  Systems  Laboratory  (MESL), 

U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES),  Vicksburg, 

Miss.  The  research  was  conducted  as  part  of  the  Dredged  Material  Re- 
search Program  (DMRP)  sponsored  by  the  Office,  Chief  of  Engineers, 

U.  S.  Army,  and  monitored  by  the  Environmental  Effects  Laboratory 
(EEL),  WES.  The  studies  synthesized  were  conducted  under  DMRP  Work 
Units  2C09A,  B,  and  C,  entitled  "The  Development  of  Concepts  for  Using 
Low-Ground-Pressure  Construction  Equipment  for  Containment  Area  Opera- 
tion and  Maintenance:  Equipment  Catalog,  Performance  Predictions,  and 
Validation  Tests,"  respectively.  This  report  will  also  be  published 
as  Engineer  Manual  1110-2-5000,  dated  28  April  1978. 

The  studies  were  conducted  under  the  general  supervision  of 
Messrs.  W.  G.  Shockley,  Chief,  MESL;  A.  A.  Rula,  Chief,  MSD;  and  E.  S. 
Rush,  Chief,  Mobility  Investigations  Branch  (MIB) . The  studies  were 
under  the  direct  supervision  of  Messrs.  N.  C.  Baker,  Task  2C  Manager, 
and  C.  C.  Calhoun,  Jr.,  Disposal  Operations  Project  Manager,  and 
Dr.  T.  A.  Haliburton,  Geotechnical  Consultant,  EEL,  under  the  general 
supervision  of  Dr.  John  Harrison,  Chief,  EEL.  This  report  was  com- 
piled by  Mr.  W.  E.  Willoughby,  MIB,  with  major  contributions  by 
Messrs.  Calhoun  and  Charles  E.  Green,  MIB.  Ms.  Dorothy  P.  Booth  was 
editor. 

COL  G.  H.  Hilt,  CE,  and  COL  J.  L.  Cannon,  CE,  were  Directors  of 
WES  during  the  conduct  of  these  studies  and  preparation  of  this  report. 
Mr.  F.  R.  Brown  was  Technical  Director. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


U.  S.  customary  units  of  measurement  used  in  this 
verted  to  metric  (SI)  units  as  follows: 


Multiply 

cubic  yards  per  hour 
degrees  (angular) 
feet 

feet  per  minute 

horsepower  (550  ft-lbf/sec) 

inches 

miles  (U.  S.  statute) 
per  hour 

pounds  (mass) 

pounds  (force)  per 
square  inch 

square  inches 

tons  (2000  lb  mass) 


By 

0.  7645549 
0.01745329 
0.3048 
0.3048 
745.6999 
2.54 

1.609344 

0.45359237 

6.894757 

6.4516 

907.18474 


report  can  be  con- 

To  Obtain 

> ubic  metres  per  hour 

radians 

metres 

metres  per  minute 
watts 

centimetres 

kilometres  per  hour 
kilograms 

kilopascals 
cubic  centimetres 
kilograms 


ASSESSMENT  OF  LOW-GROUND-PRESSURE  EQUIPMENT  FOR 
USE  IN  CONTAINMENT  AREA  OPERATION  AND  MAINTENANCE 


PROBLEM  DEFINITION 

1.  Recent  dramatic  increases  in  the  amount  of  land  used  for  con- 
fined dredged  material  disposal  areas  have  caused  increased  attention  to 
be  focused  on  the  design,  construction,  and  management  of  these  areas. 
Land  in  the  vicinity  of  most  dredging  projects  is  now  at  a premium  and 
without  proper  management  will  not  be  available  for  future  use.  Conse- 
quently, disposal  sites  would  have  to  be  moved  further  inland  or  away 
from  the  dredging  operation,  which  would  increase  the  cost  of  dredging 
and  magnify  the  adverse  environmental  impact  by  requiring  more  land  use. 
Recognizing  the  severity  of  the  problem.  Congress  enacted  Public  Law  94- 
587  in  which  Section  148  required  that  the  Corps  of  Engineers  utilize 
and  encourage  the  utilization  of  management  practices  to  extend  the 
capacity  and  useful  life  of  disposal  areas. 

2.  Improving  conditions  within  containment  areas  and  creating 
habitats  is  highly  dependent  on  the  availability  of  equipment  that  could 
operate  in  and  about  the  areas.  The  establishment  of  a data  base  and 
preparation  of  a vehicle  catalog,  the  selection  of  vehicles  from  this 
catalog  for  testing,  and  the  development  of  equipment-soil  relations 
based  on  this  testing  were  logical  steps  in  the  solution  of  one  of  the 
major  problems  related  to  the  maintenance  and  construction  of  dredged 
material  containment  areas,  that  of  selecting  available  equipment. 

Equipment  Catalog 

3.  A limited  field  data-collection  program  was  conducted  to  deter- 
mine the  magnitude  of  the  stress  level  that  the  environment  of  dredged 
material  containment  areas  might  produce  on  ground-crawling  equipment 
(tracked,  wheeled,  or  unconventional)  operating  in  these  areas.  Five 
dredged  material  containment  areas  were  selected  that  offered  a range  in 
operational  difficulty. 
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4.  Criteria  for  selection  were  primarily  type  and  consistency  of 
the  dredged  material.  Five  disposal  areas  were  chosen  for  study: 
Blakeley  Island,  Pinto  Island,  and  McDuffie  Island  in  the  Mobile  Dis- 
trict (MDO) ; Barnwell  Island  in  the  Savannah  District;  and  Craney  Island 
in  the  Norfolk  District.  Conditions  at  each  site  were  characterized  to 
describe  the  area  for  mobility  purposes  using  the  cone  index/rating  cone 
index  system,  which  has  been  used  for  many  years  in  predicting  soil 
traf f icability  for  military  purposes. 

5.  The  soils  data  revealed  that  the  operational  environment  of 
confined  dredged  material  disposal  areas  can  be  highly  variable  within  a 
given  site  in  terms  of  material,  profile  of  strength,  presence  of  sur- 
face and  subsurface  water,  and  vegetal  cover.  These  factors  combine  to 
present  a very  harsh  operational  environment  for  vehicles  or  equipment. 

6.  A literature  search,  personal  contact  with  manufacturers,  and 
the  expected  operational  environments  established  the  limits  of  the 
vehicle  inventory:  soft  soil  was  dominant  in  the  areas  and  thus  vehi- 
cles would  be  required  with  low  ground  pressures,  some  payload  or 
earthmoving  ability,  and  capability  of  operating  on  very  soft  soils 
without  immobilizing.  A vehicle  catalog  was  compiled  that  included 
commercially  available  vehicles  and  some  standard  and  experimental 
military  vehicles  that  had  the  potential  for  operating  in  dredged 
material  environments.  The  catalog,  which  formed  the  first  of  a series 
of  reports,^"  is  included  here  as  Appendix  A. 

Performance  Predictions 


7.  Because  the  data  base  collected  in  the  first-phase  study  did 
not  cover  a wide  geographical  area  and  the  vehicle  selection  was  seem- 
ingly so  large,  soil  conditions  at  additional  disposal  sites  throughout 
the  United  States  were  determined  and  18  of  the  more  promising  vehicles, 
covering  a range  of  weights,  sizes,  propulsional  systems,  and  capa- 
bilities, were  selected  from  the  equipment  catalog  for  more  detailed 
study.  Soils  data  were  collected  from  dredged  material  containment 
facilities  near  Detroit,  Michigan;  Chicago,  Illinois;  New  Orleans, 
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Louisiana;  Seattle,  Washington;  Philadelphia,  Pennsylvania;  and  the 
Galveston-Houston-Corpus  Christi  area,  Texas;  additional  data  were  ac- 
quired from  the  Upper  Polecat  Bay  (UPB)  Disposal  Area  on  Blakeley 
Island,  Mobile,  Alabama. 

8.  Predictions  were  made  for  the  18  vehicles  performing  specific 
tasks  analogous  to  operations  in  dredged  material  containment  areas. 

Two  towed  implements  were  fabricated  for  use  by  those  vehicles  that  did 
not  possess  any  on-board  trenching  or  ditching  capabilities  but  could 
negotiate  the  soft  soils  rather  well,  thereby  improving  their  versatil- 
ity in  dredged  material  containment  area  operations.  In  addition  to 
vehicle  evaluations,  towing  force  requirements  were  predicted  for  the 
two  towed  auxiliary  trenching  implements  in  combination  with  the  vehi- 
cles. Vehicle  performance  predictions,  based  on  modification  of  the 

military  mobility  relations,  were  included  in  the  report  of  the  second 

2 

phase  of  the  series  of  three  studies. 

Assessment  of  Vehicles 

9.  In  FY  1976,  a full-scale  containment  area  dewatering  test  and 
evaluation  program  was  begun  at  the  UPB  Disposal  Area.  The  program  was 

a cooperative  effort  between  the  Dredged  Material  Research  Program  (DMRP) 
and  the  MDO  and  was  designed  to  field  test  the  more  promising  dewatering 
methods  identified  by  previous  DMRP  laboratory  studies  and  to  determine 
the  validity  of  the  earlier  performance  predictions  for  both  individual 
vehicles  and  for  vehicles  towing  auxiliary  trenching  equipment.  These 
field-assessment  tests,  the  third  in  the  series  of  three  studies  of  the 
use  of  low-ground-pressure  vehicles  in  the  operation  and  maintenance  of 
containment  areas,  were  reported  in  Reference  3 and  were  the  basis  of 
the  guidelines  presented  in  this  report. 
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PURPOSE  AND  SCOPE 


10.  Most  of  the  procedures  related  to  construction,  maintenance, 
and  management  of  dredged  material  containment  areas  (e.g.,  area  recon- 
naissance, dike  construction,  survey,  perimeter  ditching,  trenching,  and 
vegetation  planting  and  maintenance)  require  vehicles  or  equipment  to 
accomplish  the  required  taak.  The  vehicles  range  from  small  support 
vehicles  to  heavy  equipment  capable  of  moving  large  quantities  of  soil 
at  low  cost  - all  of  which  must  operate  on  soft  soils  without  immo- 
bilizing. Proper  management  of  containment  areas  include,  among  other 
things,  selection  of  equipment  that  can  operate  in  the  environment 
predicted  to  exist  at  the  time  a particular  task  must  be  performed. 
Guidance  is  provided  for  the  selection  of  equipment. 

11.  Guidelines  are  given  herein  for  the  characterization  of  the 
disposal  area  and  the  vehicle.  Based  on  these  characterizations,  a 
particular  piece  of  equipment  can  be  selected  for  given  working  condi- 
tions or  the  limiting  soil  strength  can  be  determined  for  a specific 
piece  of  equipment.  Examples  of  the  use  of  the  selection  methodology 
for  a disposal  area  for  fine-grained  material  are  also  presented. 

CAUTION 

12.  The  guidance  provided  herein  is  based  on  analytical  procedures 
developed  for  military  vehicles  and  modified  to  account  for  unique  con- 
ditions associated  with  containment  areas.  It  is  believed  that  the 
guidelines  can  be  used  with  a high  degree  of  confidence  if  applied  prop- 
erly. However,  since  the  guidelines  were  refined  based  on  generalized 
data  from  field  tests  primarily  conducted  in  the  Mobile,  Alabama,  area, 
some  caution  must  be  used.  As  with  any  basically  new  methodology, 
additional  refinement  based  on  field  experience  will  be  required. 
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DEFINITIONS 


13.  Certain  special  terms  used  in  this  report  are  defined  below: 

a.  Coarse-grained  soil.  A soil  with  more  than  50  percent 
of  the  grains  by  weight,  retained  on  a No.  200  sieve 
(0. 74  mm) . 

b^.  Cone  index  (Cl)  . An  index  of  the  shearing  resistance  of 
a medium  obtained  with  a cone  penetrometer.  The  value 
obtained  represents  the  vertical  resistance  of  the  medium 
to  penetration  at  6 ft/min*  of  a 30-deg  cone  of  0.5-in.^ 
base  or  projected  area.  The  value,  although  usually 
considered  dimensionless,  actually  denotes  pounds  of 
force  on  the  handle  divided  by  the  area  of  the  cone 
base  in  square  inches  (i.e.,  pounds  per  square  inch). 

£.  Critical  layer.  The  layer  of  soil  that  is  pertinent 

to  establishing  relations  between  soil  strengtn  and  vehi- 
cle performance.  For  multiple-pass  (50-pass)  performance 
in  fine-grained  soils  and  poorly  drained  sands  with  fines, 
it  is  usually  the  6-  to  12-in.  layer;  however,  it  varies 
with  weight  and  type  of  vehicle  and  with  soil  strength 
profile.  In  this  report,  critical  layer  refers  to  the 
weaker  6-  to  12-in.  layer. 

<i.  Drawbar  pull.  The  amount  of  sustained  towing  force  a 
self-propelled  vehicle  can  produce  at  its  drawbar  under 
given  test  conditions. 

je.  Fine-grained  soil.  A soil  with  more  than  50  percent  of 
the  grains,  by  weight,  passing  a No.  200  sieve  (i.e., 
smaller  than  0.74  mm  in  diameter). 

f_.  Mobility  index  (MI)  . A dimensionless  number  used  to 
estimate  the  vehicle  cone  index,  which  results  from  a 
consideration  of  certain  vehicle  characteristics. 

£.  Rating  cone  index  (RCI) • The  product  of  the  remolding 
, index  and  the  average  of  the  measured  in  situ  cone  index 

for  the  same  layer  of  soil.  The  index  is  valid  only  for 
fine-grained  soils  and  poorly  drained  sands  with  fines. 

h.  Remolding  index  (RI) . A ratio  that  expresses  the  propor- 
tion of  original  strength  of  a medium  that  will  be  re- 
tained after  traffic  of  a moving  vehicle.  The  ratio  is 
determined  from  Cl  measurements  made  before  and  after 
remolding  a 6-in. -long  sample  using  special  apparatus. 

* A table  of  factors  for  converting  U.  S.  customary  units  of  measure- 
ment to  metric  (SI)  units  is  presented  on  page  4. 
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Vehicle  cone  index  (VCI) . The  minimum  soil  strength  in 
the  critical  soil  layer  in  terms  of  RCI  for  fine-grained 
soils  and  Cl  for  coarse-grained  soils  required  for  a 
number  of  passes  of  a vehicle,  usually  1 or  50  passes. 

As  the  values  of  VCI  decrease,  the  go-no  go  performance 
capability  of  a vehicle  increases. 

VCI^.  Experimentally  determined  minimum  Cl  or  RCI  of  the 

critical  layer  required  for  a vehicle  to  complete  one 
pass.  The  one-pass  critical  layer  for  most  vehicles  is 
usually  the  0-  to  6-in.  layer. 

VCI5Q.  Experimentally  determined  minimum  RCI  of  the 

critical  layer  required  for  a vehicle  to  complete  50 
passes  in  a fine-grained  soil.  VCI..^  computed  for 

a given  vehicle  by  first  calculating  an  MI  from  selected 
vehicle  characteristics  and  then  converting  the  MI  to 
VCI5Q  by  means  of  a curve  or  table. 
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GUIDELINES  FOR  SELECTING  EQUIPMENT  FOR  USE  IN  CONSTRUCTION,  OPERATION 
AND  MAINTENANCE  OF  DISPOSAL  AREAS 


Site  Character! zati on 


14.  Most  containment  areas  are  extremely  nonhomogeneous , and  care- 
ful characterization  of  a site  must  be  made.  Particular  care  must  be 
taken  to  determine  the  location  of  low-strength  zones  or  the  soft  spots, 
since  these  are  the  obvious  trouble  areas.  A decision  must  be  made 
whether  to  select  a vehicle  that  can  operate  anywhere  within  the  area 
(including  the  soft  spots)  or  to  select  equipment  that  can  operate  in 
the  firmer  areas  while  carefully  avoiding  the  soft  spots.  The  problem 
is  compounded  when  equipment  must  be  procured  prior  to  filling  the  area 
and  careful  characterization  cannot  be  made.  This  aspect  will  be  dis- 
cussed in  paragraph  18. 

Strength  measurements 

15.  Cone  index.  The  strength  parameter  used  in  the  selection 
methodology  is  the  cone  index  or  Cl.  The  Cl  is  an  index  of  shearing  re- 
sistance of  the  material  measured  with  a cone  penetrometer  (Figure  1) . 

The  device  consists  of  a 30-degree  cone  of  0.5  sq  in.  base  area;  two 
connected  stainless  steel  shafts,  18-in.  long  and  3/8  in.  in  diameter 
(5/8- in. -diameter  shaft  may  be  used  for  very  firm  soils  to  prevent 
bending  of  the  3/8-in.  shaft);  a proving  ring  and  micrometer  dial;  and  a 
handle.  The  cone  is  forced  into  the  material  at  a rate  of  6 ft/min,  and 
the  proving  ring  is  deformed  in  proportion  to  the  force  applied.  The 
applied  force  indicated  on  the  dial  is  the  cone  index.  Complete  in- 
structions on  the  care,  calibration,  and  operation  of  the  cone  pene- 
trometer are  contained  in  Appendix  B. 

16.  Rating  cone  index.  In  fine-grained  soils,  vehicle  traffic 
remolds  the  underlying  soil  and  therby  causes  a change  in  its  strength. 
Accordingly,  a field  test  was  devised  to  measure  this  change  in  strength, 
which  is  called  the  remolding  index  (RI) . The  equipment  to  make  this 
determination  is  shown  in  Figure  1.  It  consists  of  a Hvorslev  piston- 
type  sampler  used  to  extract  a 6-in. -long  soil  sample,  a mold  the  same 
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PENETROMETER  b.  HVOPSLEV  SOIL  SAMPLER  c.  REMOLDING  TEST  EQUIPMENT 


size  as  the  sampler  tube,  and  a 2-1/2-lb  drop  hammer.  Procedures  for 
care  and  use  of  the  equipment  are  described  in  Appendix  B. 

17.  A data  sheet  suggested  for  recording  the  Cl  and  RI  of  a sample 
site  is  shown  in  Figure  2,  and  sets  of  hypothetical  data  to  illustrate 
proper  testing  and  recording  procedures  are  shown  in  Figure  3.  As  pre- 
viously stated,  sample  sites  should  be  spaced  throughout  the  containment 

> 

area  and  carefully  selected  to  characterize  the  entire  area.  The 

following  steps  should  be  followed  to  ensure  proper  characterization. 

Step  1.  Ten  sets  of  data  should  be  collected  at  each  sampling 
site  (within  a circle  of  about  20-ft  diameter)  and 
the  average  Cl  at  each  depth  determined  as  illus- 
trated in  Figure  3. 

Step  2.  Determine  the  average  Cl  for  each  S-in.  increment 
and  record  as  shown  in  Figure  3. 

Step  3.  For  fine-grained  soils,  a 6-in. -long  soil  sample 

from  the  0-  to  6-in.  and  6-  to  12-in.  depth  inter- 
vals should  be  obtained  with  the  Hvorslev  sampler 
from  the  sample  site.  The  strength  of  the  soil 
usually  decreases  with  depth  in  a containment  area, 
and  generally  the  12-  to  18-in.  layer  has  about  the 
same  characteristics  as  the  6-  to  12-in.  layer. 

Also  vehicles  that  would  sink  more  than  12  in.  would 
usually  be  immobilized  in  dredged  material  contain- 
ment areas.  Therefore,  unless  individual  areal 
conditions  or  equipment  specifications  merit  further 
investigation,  remolding  tests  can  usually  be  omitted 
for  material  below  12  in. 

Step  4.  The  6-in. -long  sample  is  placed  in  the  remolding 
cylinder  as  described  in  Appendix  B. 

Step  5.  The  Cl  of  the  sample  in  the  tube  is  determined  for 

the  top  4 in.  of  the  soil  and  is  recorded  and  indi- 

cated on  Figure  3 as  "before"  cone  index. 

Step  6.  The  sample  is  subjected  to  100  blows  from  the  hammer. 

Step  7.  The  Cl  is  determined  for  the  upper  4 in.  of  the  re- 

molded sample  and  recorded  as  "after"  as  shown  in 
Figure  3. 

Step  8.  Totals  are  obtained  for  the  "before"  and  "after"  and 
the  "after"  is  divided  by  the  "before"  to  obtain  the 
remolding  index  (RI) . A minimum  of  two  tests  are 
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conducted  per  6-in.  soil  layer;  unless  the  two  values 
check  within  0.1,  a third  test  must  be  conducted. 

The  three  tests  are  either  averaged  or  the  "outlier"  < 

is  discarded,  and  the  two  closer  values  are  averaged. 

Step  9.  The  averages  of  the  Cl  values  for  the  0-  to  6-in. 

and  the  6-  to  12-in.  layers  are  multiplied  by  the 
respective  RI's  to  obtain  strength  values  called  the 
rating  aone  index  or  RCI  and  recorded  as  shown.  For 
coarse-grained  material,  which  usually  exhibits  no 
strength  loss  with  traffic,  remolding  tests  are  not 
conducted  and  the  Cl  is  the  parameter  used  to  esti- 
mate vehicle  performance. 

18.  Soil  strength  assumptions.  If  the  equipment  is  to  be  obtained 
prior  to  filling  the  area,  assumptions  must  be  made  with  regard  to 
expected  soil  strengths.  Immediately  after  filling  the  containment 
area,  the  RCI  for  fine-grained  material  is  essentially  zero.  The 
strength  will  gradually  increase  with  time  as  a function  of  climatic 
conditions  and  management  techniques,  but  unless  the  disposal  area  has 
been  subject  to  extremely  high  evaporative  rates  or  the  soil  was  mixed 
with  coarse-grained  material  (which  would  increase  the  drying  rate) , the 
RCI  of  the  critical  layer  must  be  considered  less  than  about  4 in 
selecting  a vehicle  for  operations.  This  value  represents  the  minimum 
critical  layer  RCI  on  which  a man  can  walk  without  extreme  difficulty 
and  is  about  the  maximum  critical  layer  value  to  be  expected  over  a 
short  period  of  time  in  fine-grained  soils  in  which  no  dewatering  tech- 
niques have  been  applied. 

Critical  layer 

19.  The  RCI  values  of  the  0-  to  6-in.  layer  and  the  6-  to  12-in. 
layer  in  most  instances  represent  the  soil  strength  value  empirically 
found  to  most  nearly  reflect  vehicle  performance  in  soft  soils  and  are 
used  as  a basis  for  this  methodology.  The  vehicle  is  selected  based  on 
the  RCI  value  in  the  critical  layer:  the  critical  layer  is  defined  as 
that  6-in.  soil  increment  with  the  lower  RCI  value.  For  the  example 
shown  in  Figure  3,  the  critical  layer  would  be  the  6-  to  12-in.  layer. 
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Vehicle  Characterization 


20.  For  the  methodology  described  herein,  the  selection  of  a 
vehicle  is  governed  by  the  vehicle  ground  contact  pressure  or  VGCP. 
The  VGCP  for  tracked  and  wheeled  vehicles  can  be  determined  from  the 


following  equations: 


Tracked  vehicle: 


Wheeled  vehicle: 


VGCP  = 


Gross  weight,  lb 

Area  of  tracks  in  contact  with 
ground,  sq  in. 


(1) 


VGCP  = 


Gross  weight,  lb 


Tire  width,  in.  x 


Outside  diam  of  tire,  in. 
2 


(2) 


x no.  of  tires 


21.  Tracked  draglines  are  frequently  operated  from  work  platforms 
made  of  wooden  mats.  When  the  mats  are  placed  in  a double  layer  with 
one  row  atop  the  other  and  at  right  angles  to  each  other,  the  work 
platform  is  relatively  stable,  and  the  ground  contact  pressure  of  the 
dragline  is  considered  to  be  distributed  evenly  over  the  surface  area  of 
the  mats.  Bouyancy  effects  (flotation  potential)  are  assumed  to  coun- 
teract with  weight  of  the  mats.  The  ground  pressure  of  the  dragline  on 
a single  layer  of  mats  is  difficult  to  assess  because  of  the  movement  of 
the  mats  during  vehicle  passage.  The  single  mats  obviously  produce  a 
ground  pressure  between  that  of  the  dragline  with  no  mats  and  that  of 
the  dragline  mounted  on  the  double  mat  platform.  From  manufacturers' 
literature,  it  was  assumed  that  the  single  mats  would  reduce  the  ground 
pressure  difference  about  75  percent.*  The  VGCP  for  mat-mounted  tracked 
vehicles  can  be  estimated  as  follows: 

Tracked  vehicles  on  mats: 


VGCP 


double  mats 


Gross  vehicle  weight,  lb 
Surface  area  of  mats,  in.*1 


VGCP  , , _ - VGCP  _ - 0. 75 (VGCP  „ - VGCP.  , , 

single  mats  no  mats  no  mats  double  mats 


(3) 

)(4) 


* The  validity  of  this  assumption  could  not  be  fully  determined  from  the 
tests  performed  and  would  require  additional  data  for  validation. 
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Vehicle  Selection 


Mobility  > 

22.  The  curves  shown  in  Figure  4 may  be  used  to  determine  if  a 
particular  piece  of  equipment  can  operate  in  a given  area.  The  one-pass 
criterion  curve  is  used  for  selection  of  equipment  for  reconnaissance  or 
survey  where  the  vehicle  is  to  be  used  for  transporting  personnel  or 
equipment  and  is  not  intended  to  perform  additional  work  or  to  operate 
again  in  its  original  tracks.  The  multi-pass  criterion  curve  should  be 
used  for  equipment  such  as  bulldozers,  draglines,  etc.,  that  must  work 

within  the  containment  areas  or  for  survey  or  reconnaissance  vehicles  , 

that  make  repeated  passes  within  their  own  tracks. 

23.  In  selecting  a vehicle  for  operating  in  a given  areas,  the 
limiting  soil  strength  (RCI)  of  the  critical  layer  must  be  assumed  as 
discussed  in  paragraph  18  or  determined  by  on-site  data  collection. 

The  RCI  obtained  is  then  used  to  enter  Figure  4 to  select  the  maximum 
vehicle  ground  contact  pressures;  vehicles  with  VGCP  values  less  than 
the  value  obtained  from  Figure  4 should  be  able  to  operate  in  the  area 
for  either  one-pass  operations  or  multiple-pass  operations  (depending  on 
which  curve  was  used) . Caution  should  be  exercised  when  selecting  a 
vehicle  whose  ground  contact  pressure  just  equals  that  obtained  from 
Figure  4 at  the  RCI  required  to  allow  for  undetected  soft  spots  in  the 
area  or  for  possible  errors  in  vehicle  operation  that  could  cause 
immobilization.  A factor  of  safety  is  built  into  the  curves,  but 

because  of  the  high  probability  of  undetected  soft  spots  within  an  area,  j 

borderline  cases  should  be  carefully  considered. 

Drawbar  pull 

24.  The  amount  of  drawbar  pull  a particular  vehicle  can  provide 

can  be  determined  from  Figure  5 for  tracked  vehicles  and  from  Figure  6 

for  wheeled  vehicles.  The  following  information  must  be  known:  the 

gross  weight  of  the  vehicle  and  the  excess  rating  cone  index  or  RCI  . 

cc 

The  RCI^  is  determined  by  subtracting  the  required  RCI  for  a particular 
vehicle  to  operate  under  the  one-pass  or  multiple-pass  criteria  from  the 
RCI  measured  within  the  containment  area.  For  example,  if  the  VGCP  for 
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VEHICLE  GROUND  CONTACT  PRESSURE,  PSI 


20 


Figure  5.  Drawbar  pull  versus  soil  strength  for  tracked  vehicles 


a particular  vehicle  is  3 psi,  from  Figure  4,  an  RCI  of  20  is  required 
for  multiple-pass  operations.  If  the  RCI  measured  in  the  containment 
area  is  30,  the  RCI^  is  then  equal  to  30  minus  20  or  10.  With  the  RCI^ 
known,  the  ratio  of  drawbar  pull  to  gross  vehicle  weight  can  then  be 
determined  from  Figure  5 or  from  Figure  6.  The  drawbar  pull  available 
will  then  equal  the  gross  weight  of  the  vehicle  multiplied  by  the  ratio. 
(Procedures  for  calculating  the  exact  value  of  the  limiting  RCI  for 
vehicle  operation  (VCI^  and  VCI.-^  shown  in  Appendix  A)  are  presented  in 
Reference  2,  but  are  not  considered  necessary  for  the  procedures  de- 
scribed herein.) 

Dragline  production  rates 

25.  Although  the  production  rates  for  draglines  are  highly  depen- 
dent upon  the  operating  characteristics  of  the  dragline,  the  soil  type 
and  strength,  and  in  particular  the  job  being  performed,  certain  empir- 
ical relationships  were  developed  from  field  tests  in  the  Mobile  Dis- 
trict and  actual  ditching  operations  in  the  Charleston  District.  In 
Figure  7,  the  relations  between  production  in  loose  cu  yd  per  hr  and 
the  critical- layer  RCI  are  shown.  The  empirical  relationship  between 
linear  ditching  rate  and  critical  layer  RCI  is  shown  in  Figure  8. 

26.  It  must  be  emphasized  that  the  empirical  relationships  shown 
in  Figures  7 and  8 are  based  on  very  limited  data  from  only  two  sites. 
However,  when  more  reliable  information  is  not  available,  these  rela- 
tionships may  be  used  for  rough  estimates  of  production  rates,  the  time 
required  to  perform  a task,  and  the  cost.  Similar  relationships  can  be 
developed  for  particular  sites  by  carefully  monitoring  the  performance 
of  various  types  of  equipment  and  measuring  the  appropriate  critical 
layer  RCI's. 


Examples  of  Use  of  Methodology 


Example  1 

27.  The  ability  of  an  available  vehicle  to  operate  in  a certain 
containment  area  is  to  be  determined.  In  this  example,  the  data  shown 
in  Figure  3 will  be  assumed  to  be  representative  of  the  soil  in  the 
containment  area. 
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Step  1.  Determine  the  RCI  of  the  critical  layer.  From 
Figure  3,  the  RCI  is  10. 

Step  2.  Determine  the  maximum  allowable  VGCP  for  a vehicle 
to  operate  in  the  containment  area.  Enter  Figure  4 
at  RCI  = 10  and  read  the  VGCP  intercept  points  for 
each  criterion:  3.6  psi  for  one-pass  operations  and 
0.8  psi  for  multiple-pass  operations  (see  Figure  9) 

Step  3.  Establish  the  characteristics  of  the  vehicle  being 
considered  for  use  in  the  containment  area.  The 
following  characteristics  were  assumed: 


Gross  weight,  lb  7000 
Track  width,  in.  28 
Track  length  in  contact  with 

ground  surface,  in.  75 
Number  of  tracks  2 


Step  4.  Substitute  the  vehicle  characteristics  into  EQ  1 and 
obtain  the  VGCP. 


VGCP  = 


Gross  weight,  lb 

Area  of  tracks  in  contact  with 
ground,  sq  in. 

7000  . „ 

28  x 75 'x  2 or  X-67  psi 


Step  5.  Evaluate  the  vehicle.  The  allowable  VGCP  for  one-pass 
operations  is  3.6  psi  and  for  multiple-pass  operations 
is  0.8  psi;  the  VGCP  of  the  vehicle  is  1.67  psi. 
Therefore,  the  vehicle  could  be  used  only  for  such 
purposes  as  surveying  and  reconnaissance,  or  it  could 
be  used  for  one-pass  ditching  using  towed  auxiliary 
trenching  equipment  if  the  vehicle  develops  suffi- 
cient drawbar  pull.  The  drawbar  pull  of  the  vehicle 
is  determined  by  the  following  computations. 


StfP  6-  Determine  the  allowable  RCI  for  the  vehicle.  From 
Step  4,  the  VGCP  is  1.67.  Enter  Figure  4 at  1.67 
and  read  the  RCI  intercept  for  the  one-pass  criterion, 
which  is  6.5 


Step  7.  Determine  the  RCI^.  The  RCI^  is  determined  by  sub- 
tracting the  critical  layer  RCI  required  for  a par- 
ticular vehicle  to  operate  under  the  one-pass  or 
multiple-pass  criterion  from  the  RCI  measured  within 
the  containment  area  (Figure  4).  For  the  stated 
conditions : 
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RCIx  = 10  - 6.5  or  3.5 


Step  8.  Determine  the  drawbar  pull/gross  vehicle  weight  ratio. 

Entering  Figure  5 for  tracked  vehicle  and 
reconnaissance  vehicles  with  VGCP  less  than  4 psi, 
the  drawbar  pull/gross  vehicle  weight  ratio  for  an 
RCI^  of  3.5  is  determined  to  be  approximately  0.16. 


Step  9. 


Compute  the  available  drawbar  pull  of  the  vehicle. 

Substitute  in  the  following  equation  (reference 
paragraph  24): 


Drawbar  pull = 


drawbar  pull  \ 
gross  vehicle  weight  ) 


X gross  vehicle 
weight 


= 0.16  x 7000  or  1120  lb 


Step  10.  Evaluate  the  vehicle.  The  preceding  calculations 
indicate  that  the  vehicle  has  sufficient  drawbar 
pull  to  tow  relatively  small  equipment. 


28.  The  vehicle  being  evaluated  could  not  be  used  to  perform  tasks 
that  require  multiple  passes  of  the  vehicle  in  approximately  the  same 
path  (for  example,  excavating  soil  or  grading).  Since  the  vehicle 
cannot  perform  production  work,  no  estimate  of  production  rate  or  cost 
is  appropriate. 

Example  2 

29.  An  example  of  a tracked  dragline  being  considered  for  ditching 
operations  in  a disposal  area  is  presented  to  illustrate  the  use  of  the 
multiple-pass  criterion,  as  well  as  the  production  rate  and  cost  curves 
shown  in  Figures  7 and  8,  respectively. 

Step  1.  Determine  the  RCI  of  the  critical  layer.  The  critical 
layer  is  assumed  to  be  6 to  12  in.  with  an  RCI  of  15. 

Step  2.  Establish  the  characteristics  of  the  dragline.  The 
following  characteristics  were  assumed: 


Gross  weight,  lb  32,000 
Track  width,  in.  20 
Track  length  in  contact  with 

ground  surface,  in.  120 
Number  of  tracks  2 
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Step  3. 


Substitute  the  vehicle  characteristics  into  Eq  1 and 
obtain  the  VGCP. 


VGCP  = 


Gross  weight,  lb 


Area  of  tracks  in  contact  with 
ground,  sq  in. 


(1) 


32,000 


20  x 129  x 2 


or  6.20  psi 


Step  4.  Determine  the  miminum  RCI  required  for  the  dragline 
to  operate  in  the  containment  area.  Enter  Figure  4 
at  VGCP  = 6.20  psi  and  read  the  RCI  intercept  for  the 
multiple-pass  criterion  curve,  which  would  be  30  RCI. 

Step  5.  Evaluate  the  dragline.  Since  the  RCI  required  for 
operation  of  the  dragline  is  30  and  the  RCI  of  the 
critical  layer  was  assumed  to  be  15,  the  dragline 
cannot  work  in  the  area  without  mats  or  other  means 
to  lower  the  ground  contact  pressure. 

30.  The  next  measure  to  take  would  be  to  determine  the  required 
RCI  for  operation  of  the  dragline  on  wooden  mats.  If  the  mats  were 
placed  in  a double  layer  with  one  row  atop  the  other  at  right  angles  to 
each  other,  the  work  platform  created  would  be  relatively  stable  and  the 
ground  contact  pressure  of  the  mat-mounted  dragline  would  be  lower  than 
that  of  the  dragline. 


Step  6. 


Step  7. 


Compute  the  ground  contact  area  of  the  work  platform. 

Assuming  that  the  mats  are  20-ft  long  and  5-ft  wide 
(common  size  used  for  the  16-ton  dragline)  and  that 
four  mats  are  required  per  row  under  the  dragline, 
then  the  contact  area  would  be  computed  as  follows: 

144(20  x 5 x 4)  or  57,600  in.2 

Determine  the  VGCP  for  the  dragline  on  a double-mat 
work  platform. 

gross  vehicle  weight 
rdouble  mats  ground  contact  area 

of  mats 


VGCP 


Step  8. 


32.000  „ , 

= 57^600  °r  0<6psi 

Evaluate  the  dragline  of  double  mats.  Entering 
Figure  4 at  VGCP  = 0.6  psi  and  reading  the  intercept 
with  the  multiple-pass  criterion  curve;  the  required 
RCI  of  the  critical  layer  is  found  to  be  5.  Thus, 
the  mat-mounted  dragline  could  work  effectively  in 
the  disposal  area  with  some  margin  of  safety. 
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31.  Since  the  dragline  can  operate  from  the  double-mat  platform, 
the  possibility  of  operation  from  a single-mat  platform  would  then  be 
determined. 

Step  9.  Determine  the  VGCP  for  the  dragline  on  a single-mat 
work  platform.  To  account  for  interaction  between 
mats  and  edge  effects,  if  only  one  row  of  mats  is 
used,  it  is  assumed  that  the  ground  contact  pressure 
is  effectively  lowered  to  about  75  percent  of  the 
difference  between  no  mats  and  double  mats.  There- 
fore for  single  mats 


VGCP 


single  mat 


6.2  - {0.75  (6. 2-0. 6)} 


= 6.2  - (0.75  x 5.6) 


= 6.2  - 4.2  or  2.0  psi 

Step  10.  Evaluate  the  dragline  on  single  mats.  Enter 

Figure  4 at  VGCP  = 2.0  psi  and  read  the  intercept 
with  the  multiple-pass  criterion:  the  required  RCI 
of  the  critical  layer  is  16.  Therefore,  conditions 
for  operation  of  the  dragline  on  single  mats  are 
marginal  with  a good  possibility  of  immobilization. 
Hence,  the  better  alternative  would  be  to  use  the 
dragline  on  double  mats  or  select  another  vehicle. 

32.  Assume  that  it  is  practical  to  use  the  dragline  on  double 
mats.  Figures  7 and  8 can  be  used  to  estimate  the  production  capabili- 
ties of  the  dragline  and  to  estimate  the  production  costs. 

Step  11.  Determine  the  production  rate  for  trenching.  Enter 
Figure  7 at  RCI  = 15  and  read  the  intercept  for  pro- 
duction: the  dragline  should  be  able  to  move  about 

43  cu  yd  of  material  per  hour  digging  sumps,  ditch- 
ing, or  performing  other  soil-moving  tasks. 


Step  12.  Determine  the  production  rate  for  linear  ditching. 

Enter  Figure  8 at  RCI  = 15  and  read  the  intercept 
for  ditching:  if  the  dragline  is  used  to  move 
about  inside  the  disposal  area  creating  ditches  for 
drainage,  the  range  of  linear  ditches  created  per 
hour  should  be  40  to  58  ft/hr  (governed  by  the  side 
slope  of  the  ditches) . 
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Step  13.  Determine  production  costs.  Production  costs  would 
be  computed  as  follows: 


cost  of  operation/hr 


cu  yd  material  to  be  moved 
production  rate  of  dragline 


cost  of  operation/hr 


linear  ft  of  ditches 

production  rate  of  dragline 


Application 


33.  The  data  obtained  through  these  procedures  can  be  used  for 
several  purposes,  including  estimation  of  the  length  of  the  contract 
required  or  the  cost,  as  well  as  daily  spot  checks  of  vehicle  operations 
to  ascertain  the  efficiency  of  the  contractor.  These  data  were  deter- 
mined from  actual  on-site  operations  and  should  need  only  minor  adjust- 
ment for  changes  in  geographical,  soil,  or  climatic  conditions  other 
than  those  for  the  area  used  in  this  study  (Mobile  and  Charleston, 
summer  conditions,  clay  and  silty  clay  soils). 
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APPENDIX  A:  VEHICLE  CATALOG 


1.  The  primary  purpose  of  this  appendix  is  to  present  pertinent 
vehicle  data  in  catalog  form  to  assist  potential  vehicle  users  in  the 
assessment  and/or  selection  of  the  vehicles  to  perform  jobs  relevant  to 
the  operation  and  maintenance  of  dredged  material  containment  areas. 

2.  Each  vehicle  included  in  the  catalog  is  described  by  several 
photographs  or  drawings;  manufacturer's  address;  general  vehicle  data, 
under  which  performance  data  can  be  found;  mechanical  components  data 
that  give  dimensions  or  describe  major  components  of  the  vehicle,  i.e., 
engine,  suspension,  etc.;  and  miscellaneous  data,  under  which  cost 
(1974) , primary  use,  potential  use  (based  on  physical  size  and  payload) , 
etc. , information  is  found. 

3.  The  vehicles  presented  herein  were  selected  from  a literature 
search  or  personal  contact  with  vehicle  manufacturers  in  the  United 
States  and  Canada.  The  vehicle  catalog  is  by  no  means  complete,  nor  are 
all  the  data  on  the  vehicles  included  complete.  Final  selection  of 
vehicles  was  based  on  1-pass  vehicle  cone  index  (VCI)  of  30  or  less. 

This  process  resulted  in  the  selection  of  60  vehicles.  To  obtain  some 
idea  as  to  the  size  of  job  that  the  vehicle  can  perform,  they  were 
divided  into  six  vehicle  groups  in  terms  of  payload  ranges,  as  follows: 

Vehicle  Classification 

Group  No.  Payload  Ranges,  tons  Number  of  Vehicles  in  Group 


I 

>0  - 3/4 

19 

II 

1 - 2-1/2 

11 

III 

3 - 7-1/2 

11 

IV 

8-15 

8 

V 

>15 

8 

VI 

0 (Bulldozers) 

3 

Total  60 

4.  The  WES-VCI  submodel  was  used  to  compute  the  minimum  soil 
strength  required  by  a vehicle  to  complete  1 pass  and  50  passes  success- 
fully while  the  vehicle  is  traveling  in  a straight-line  path  in  fine- 
grained soils.  These  performance  levels  are  identified  as  VCI^  and 
VCI5Q  in  the  catalog.  The  VC^  and  VCI5Q  levels  are  approximately  the 
same  as  the  single-  and  multiple-pass  criteria  given  in  the  main  text. 
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The  vehicle  data  given  in  the  catalog  were  used  to  compute  VCI's.  These 
data  may  also  be  used  to  determine  the  required  critical  layer  RCI  from 
Figure  4.  If  the  critical  layer  RCI  from  Figure  4 is  not  the  same  as 
the  VCI  shown  in  the  catalog  for  a particular  vehicle,  the  more  conser- 
vative value  should  be  used.  The  VCI  data  shown  for  vehicles  with 
helical  screw  running  gear  were  determined  by  actual  vehicle  tests*  and 
are  identified  as  experimental  VCI's. 

5.  Tests  conducted  to  evaluate  the  accuracy  of  predicted  VCI's 
have  shown  that  the  computations  are  very  good  for  wheeled  and  tracked 
vehicles  operating  in  fine-grained  soils  that  are  not  in  a viscous  state 
(rating  cone  index  >7).  VCI  prediction  accuracy  is  also  good  for 
tracked  vehicles  with  sealed  sponsons  that  are  part  of  the  track  system, 
provided  the  effects  of  buoyancy  are  accounted  for  in  the  computations. 
On  the  other  hand,  the  VCI  prediction  accuracy  for  low-ground-pressure 
tracked  vehicles  with  open  track  systems  is  very  low.  Experience  has 
shown  that  an  open  track  operating  in  viscous  soils  develops  a high 
motion  resistance  because  the  soft  soil  flows  into  the  track  system  and 
interferes  with  the  running  gear  components.  For  this  reason,  when  the 
computed  VCI  (particularly  VCI^^)  is  <6  for  tracked  vehicles  with  open 
track  systems  (vehicles  1-3,  1-15,  1-17,  and  II-4),  these  values  should 
be  used  with  caution. 


* Knight,  S.  J.,  Rush,  E.  S.,  and  Stinson,  B.  G.,  "Traf f icability  Tests 
with  the  Marsh  Screw  Amphibian  on  Coarse-Grained  and  Fine-Grained 
Soils,"  Technical  Report  No.  3-641,  Jan  1964,  U.  S.  Army  Engineer 
Waterways  Experiment  Station,  CE,  Vicksburg,  Miss. 


Index  of  Group  I Vehicles,  >0-  to  3A-Ton  Payload 


Vehicle  No. 
1-1 
1-2 
1-3 
1-1+ 

1-5 

1-6 

I-T 

1-8 

1-9 

1-10 

1-11 

1-12 

1-13 

I-lU 

1-15 

I-i6 

1-17 

1-18 

1-19 


Vehicle  Identification 
J-5  Tractor 
SW-1+8F 

2100-C  Trackmaster 

Muskeg  Tractor  Gas 

Amphicat 

Terra-Jet 

Coot 

Bomhi 

The  Kidd 

Thiokol  Swamp  Spryte  1301 
FN  10 

Skidozer  200 

Marsh  Cub  (Model  lOl+T-LPC-68 ) 

M29C  Weasel 

Skidozer  301-D 

ll+0U  Imp 

Skidozer  301 

Marsh  Screw  Amphibian 

Ditcher  Model  101+T-DSP-70 
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Vell.de  Manufacture.  Bombardier  Limited 
Industrial  Division 


Available 


Specifications  for  Vehicle  No.  _l=2 
Vehicle  Identification.  sv-U8f 


Potential  Uses  Mount  for  small  pull 


♦ 


Potential  Uses  Mount  fo«  small  drill  rlf 


Specifications  for  Vtfude  No  L 

Vehicle  Identification  Terr»-Je 


Potential  Uses  Mount  for  snail  push  bla<l«-  or 
pull  plow 


Specifications  for  Vehicle  No. 
Vehicle  Identification  coot 


Potential  Uses  H.unt  r r sbm2  1 push  bisi* 

pull  plow 


Specifications  for  Vehicle  No. . 
Vehicle  Identification:  Bombi 


Specifications  for  Vehicle  No.  _ 
Vehicle  Identification:  fn  10 


Potential  Uses  Mount  for  33ml  1 push  blade  or 


Vehicle  Manufacturer  Bombardier  Limited 

Industrial  Division 


Specifications  for  Vehicle  No.  Izll 

Vehicle  Identification  "kidozer  301-D 


Potential  Uses  Mount  for  smnl  1 push  bind*-  r 
pull  plow 


Specifications  for  Vehicle  No. I-ie 

Vehicle  Identification  Mur.  - «gpMMw. 


SKETCH  NOT  AVAILABLE 


Specifications  for  Vehicle  No.  i-*9 

Vehicle  Identification  Ditcher  iovt-dsp-70 


Potential  Uses  Mount. 


Index  of  Group  II  Vehicles,  1-  to  2-1/2-Ton  Payload 


Vehicle  No. 
II-l 
II-2 
II-3 
II-U 
II- 5 
II-6 
II-7 
II-8 
II-9 
11-10 
11-11 


Vehicle  Identification 

FN  20 

Model  1201  Spryte 
Riverine  Utility  Craft 
FN  21 
M116 

FN  20  W/B 
Rolligon  UU50 
XM759»  Cargo  Carrier 
Mexa  10  * 10 
Mexa  Track 

Amphibious  Carrier  Model  10k-W-HD-59 
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Specifications  for  Vehicle  No.  ill 
Vehicle  Identification  m 20 


Specifications  for  Vehicle  No.  ll~2 
Vehicle  Identification  Model  1201  Spryt 


Potential  Uses  Mount  for  small  drill  rlK,  push  blade,  or  puli  pl< 


Specifications  for  Vehicle  No.  n-i 

Vehicle  Identification  Riverine  Utility  Craft  (PUC) 


Potential  Uses  Mount  for  small  drill  rig,  push  blade,  or  pull  plow 


Specifications  for  Vehicle  No.  n- 
Vehide  Identification  Hil6 


Available  Possibly  Army  surplus 


Specifications  for  Vehicle  No.  Ji-T 
Vehicle  Identification  Roiiigon  Ui»50 


Potential  Uses  Mount  for  aaall  drill  rig,  push  blade,  or  pull  plow 


Specifications  for  Vehicle  No n-fa 

Vehicle  Identification  XM759,  Cargo  Carrier 


Available  Poaslbly  Army  jrp;<>a 


Specifications  tor  Vehicle  No.  . 11-1  ' 


Vehicle  Manufacture!  quality  Marih  Internationa.  Corf.. 
P.  0.  Box  U06 


Potential  Uses 


Index  of  Group  III  Vehicles,  3-  to  7-1/2-Ton  Payload 


Vehicle  No. 
III-l 
III-2 
III-3 
III-U 
HI-5 

III-6 

III-T 

III-8 

III-9 

III-10 

III-ll 


Vehicle  Identification 

FN  60 

Muskeg  Carrier 
FN  75 

Rolligon  UU60 
FN  WT-100 
FN  100  TT 
FN  110 
TVS  1000 

Dragline  Carrier  Model 
No.  10XT-HD-59M 

R0T0-B00M  Model  No.  104T-65 

Amphibious  Carrier  Model  10XT-HD-65M 
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Specifications  for  Vehicle  No.  _ 
Vehicle  Identification  FH  60 


Specifications  for  Vehicle  No.  III-2 
Vehicle  Identification  Muskeg  Carrier 


Primary  Use  Cargc  irrier 


Specifications  for  Vehicle  No.  _ 
Vehicle  Identification  fh  75 


r 


Vehicle  Manufacturer  Quality  Mar3h  International  Corp. 
P.  0.  Box  U06 
Thibodaux,  LA  70301 


Potential  Uses  Mount  for  hydrocrane,  drill  rig,  push  blade,  or  pull  plow 


Specifications  for  Vehicle  No.  III-li 

Vehicle  Identification  Amphibious  Carrier  Model  lOXT-HD-fe^M 


Potential  Uses  Mount  for  push  blade,  pull  pl< 


Index  of  Group  IV  Vehicles,  8-  to  15-Ton  Payload 


o 

VO 


o 

o 

O 

VO 

o 

VO 

VO 

CVJ 

<D 

co 

VO 

> 

CO 

G 

•H 

£ 

cd 

pt, 

£ 

o 

o 

o 

bo 

£ 

O 

1 50 

•H 

o 

O 

-3- 

rH 

s 

to 

C\J 

rH 

rH 

> 

»H 

O 

s 

cd 

S 

O 

cn 

Q 

P*H 

u 

d) 

-p 

u 

o 

p. 

to 

g 

cd 

k 

Eh 

T 1 
<V 

O 

cd 

Eh 


CO 

I 


a; 

<u 

,£ 

Eh 

cd 

-P 

rH 

O 

Q 


C\J 

00 

■ 

-* 

• 

LTV 

VO 

t- 

CO 

> 

M 

i 

> 

H 

l 

> 

M 

1 

> 

M 

1 

> 

W 

> 

M 

1 

> 

M 

Specifications  for  Vehicle  No.  _iv~ 
Vehicie  Identification  fm  160 


Specifications  for  Vehicle  No.  iv-3 
Vehicle  Identification  fn  Norcan  200 


Potential  Uses  Mount  for  drill  rig,  dragline,  push  blade,  or  pull  plow 


Specifications  for  Vehicle  No.  iv-** 
Vehicle  Identification:  pawaon  Five 


Specifications  foi  Vehicle  No.  iv-5 
Vehicle  Identification:  fn  2*»o 


Specifications  fw  Vehicle  No.  iv-7 

Vehicle  Identification:  Muskeg  Tracked  Transporter 


Specifications  for  Vehicle  No. 


Potential  Uses:  Mount  for  dragline,  drill  rig,  push  blade,  or  pull  plow 


Vehicle  Identification 


Vehicle  No. 


V-l 

FN  360 

V-2 

Super  Yukon 

V-3 

Dawson  Seven 

V-l* 

FN  1*00 

V-5 

Musk-Ox 

V-6 

FN  600 

V-T 

Husky  8 

V-8 

Dragline  Carrier  Model  16XT-HD-2E-73 

Vehicle  Ifenutacturer  Fiextrac  lodvell,  P.  0.  Sox  55^** 
Station  A,  1201  l*2nd  Ave.,  SE 


Available  Yes 


Specifications  to»  Vehicle  No.  _ v-2 
Vehicle  Identification:  Super  Yukon 


Specifications  for  Vehicle  No — 
Vehicle  Identification:  FN  uoo 
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Available  Possibly  on  surplus 


Specifications  for  Vehicle  No. 


Specifications  fo»  Vehicle  No ¥^8 


p 


I 

I 


Vehicle  Identification 
Dl+D  LGP 
D5  LGP 
D6C  LGP 


A65 


Available:  Yes 


APPENDIX  B:  CARE  AND  USE  OF  SOILS  TESTING  EQUIPMENT 


Cone  Penetrometer 


Use  of  the  cone  penetrometer 

1.  Inspection.  Inspect  the  penetrometer  before  using  to  make  sure 
that  all  nuts,  bolts,  and  joints  are  tight  and  that  the  dial-gage  stem 
contacts  the  proving-ring  bearing  block. 

2.  Zeroing.  Allow  the  penetrometer  to  hang  vertically  from  its 
handle  and  rotate  the  dial  face  until  "0"  is  under  the  needle.  Note 
that  when  the  instrument  is  kept  vertical  between  the  fingertips  and 
allowed  to  rest  on  its  cone,  the  dial  will  register  about  4,  or  2 lb, 
the  total  weight  of  the  instrument. 

3.  Operation. 

a.  Place  the  hands  over  each  other  on  the  handle,  palms  down, 
and  approximately  at  right  angles,  as  shown  in  Figure  Bl, 
to  minimize  eccentric  loading  of  the  proving  ring  and  to 
help  keep  the  staff  vertical. 

_b.  Apply  force  until  slow,  steady  downward  movement  occurs. 

£.  Take  a dial  reading  just  as  the  base  of  the  cone  is  flush 
with  the  ground  surface.  To  do  this,  watch  cone  descend 
until  an  instant  before  the  cone  base  is  expected  to  be 
flush  with  the  ground  surface,  then  immediately  shift 
the  vision  to  the  dial  face.  Continue  the  slow,  steady 
downward  movement  at  6 ft/min  and  take  successive  dial 
readings  at  1-in.  intervals  to  6 in.,  then  at  3-in.  inter- 
vals to  18  in.  and  at  6-in.  intervals  to  the  full  36  in. 
of  shaft.  If  it  is  necessary  to  stop  the  downward  pro- 
gression of  the  cone  penetrometer  for  any  reason,  the 
progress  may  be  resumed  with  no  adverse  effects  on  cone 
penetrometer  readings.  For  example,  when  only  one  man  is 
on  traff icability  reconnaissance,  he  may  find  it  convenient 
to  make  two  cone  penetrometer  readings,  stop  the  penetrom- 
eter to  record  the  readings,  resume  the  penetration  to 
obtain  two  additional  readings,  stop  and  record,  and  so  on. 
Note  that  the  use  of  an  assistant  increases  the  speed  with 
which  measurements  can  be  made  and  recorded  and  usually 
diminishes  the  likelihood  of  errors.  Some  two-man  teams 
prefer  that  the  assistant  merely  record  the  values  the 
operator  verbally  transmits,  while  other  teams  prefer  that 
the  assistant  announce  the  proper  depth  to  the  operator 
as  well  as  record  the  readings. 

Bl 


’nw**'**-'” 


■ — - 


I 
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4.  Cautions. 


a.  Keep  the  instrument  vertical. 

t).  Do  not  attempt  to  make  readings  that  are  higher  than  the 
capacity  of  the  dial  since  this  might  overstress  the 
proving  ring. 

£.  If  dial  capacity  is  exceeded  at  less  than  18  in.  of  pene- 
tration, make  another  penetration  nearby  because  the  cone 
might  be  striking  an  isolated  rock  fragment  or  other  hard, 
small  object. 

d.  Do  not  withdraw  the  instrument  by  the  ring,  but  always  by 
the  staff  or  the  handle. 

e.  Be  very  careful  to  read  the  cone  index  at  the  proper  depth. 
If  readings  are  actually  made  as  little  as  1/4  in.  from  the 
proper  depth  and  recorded  as  being  at  the  proper  depth,  an 
average  of  such  readings  will  not  accurately  reflect  the 
average  strength  at  that  depth.  Carelessness  in  making 
proper  depth  determination  is  probably  the  greatest  source 
of  error  in  the  use  of  the  penetrometer. 

Training  penetrometer  operators 

5.  Operators  should  be  trained  in  an  area  of  uniform  soil  condi- 
tions. The  instructor  should  take  approximately  50  sets  of  readings 
spaced  equally  over  the  area.  The  average  cone  indexes  for  6- in.  layers 
should  be  computed  and  used  as  standards  or  references.  The  trainee 
should  be  Instructed  in  all  proper  techniques  of  operation  and  should 
practice  penetration  under  the  eye  of  a qualified  instructor  until  he 
has  become  familiar  with  the  techniques  of  operation.  He  then  should 
make  about  50  sets  of  readings,  using  an  assistant  to  record  them.  The 
average  cone  indexes  obtained  by  a trainee  should  then  be  compared  to 
the  standard.  If  the  trainee's  readings  deviate  widely,  the  causes  for 
the  deviation  should  be  sought  and  corrected.  In  a uniform  area,  5 
percent  deviation  is  considered  wide.  The  most  probable  cause  of  error 
is  carelessness  in  determining  proper  depth. 

6.  The  rate  of  progression  recommended  is  such  that  readings 
(surface  through  36  in. ) can  be  measured  in  30  seconds  in  a continuous 
penetration  in  a soft  soil.  Much  slower  or  faster  rates  of  penetration 
will  reflect  lower  or  higher  values,  respectively,  but  the  dlscrepencies 
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will  not  be  large.  Effects  on  cone  index  of  variation  in  rate  of  pene- 
tration for  the  same  operator  or  even  between  experienced  operators  are 
ins iginif cant.  The  possibility  of  mechanical  imperfections  of  the  cone 
penetrometer  should  be  investigated  if  deviations  are  persistent.  Some- 
times a needle  sticks  on  a loose  dial  face  or  slips  on  its  shaft.  Some- 
times dial  faces  are  jarred  or  otherwise  rotated  around  the  shaft  of  the 
dial,  causing  an  improper  zero  setting.  A damaged  or  overstressed  ring 
might  even  require  recalibration.  A micrometer  dial  stem  may  not  have 
been  in  good  contact  with  the  proving-ring  bearing  block  when  the  instru- 
ment was  zeroed. 

Care  and  adjustment  of  the  penetrometer 

7.  General  care.  Little  care  is  required  beyond  keeping  the  pene- 
trometer free  from  dirt  and  rust,  keeping  all  parts  tight,  and  frequent- 
ly checking  and,  if  necessary,  rezeroing  the  instrument.  Particular 
care  should  also  be  taken  to  see  no  grit  is  caught  between  the  stem  of 
the  dial  and  the  lower  mounting  block. 

8.  Dial.  The  micrometer  dial  is  a sensitive  instrument  that 
should  be  protected  against  water  and  rough  usage.  It  should  never  be 
immersed  in  water  and  should  be  wiped  dry  as  soon  as  possible  after  its 
use  in  rainy  weather.  When  transported  by  truck,  the  dial  should  be 
cushioned  by  wrapping  it  in  paper  or  cloth. 


Hvorslev  Soil  Sampler 


9.  A pistontype  soil  sampler  is  used  to  extract  soil  samples  for 
remolding  tests.  To  use  the  sampler,  hold  the  disk  at  the  top  of  the 
piston  rod  firmly  with  one  hand  to  prevent  vertical  movement  of  the 
piston  and  force  the  sampling  tube  into  the  soil  with  the  other  hand 
(top  photo.  Figure  B2a) . In  firm  soils,  two  men  often  are  needed  to 
force  the  sampler  into  the  soil.  After  locking  the  piston  rod  by  turn- 
ing the  knurled  handle,  twist  the  instrument  slightly  and  withdraw. 

The  sample  may  then  be  placed  directly  into  the  remolding  cylinder 
(Figure  B2b) , or  used  for  other  soils  identification  purposes. 

10.  It  is  essential  to  keep  the  inside  of  the  sampling  tube,  the 
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c.  Measuring  cone  index  in 
remolding  cylinder 


d.  Applying  hammer  blows 


Figure  B2.  Remolding  test  operation 


piston  ring,  and  the  leather  washer  reasonably  clean.  After  5 to  25 
samplings,  depending  upon  the  type  of  soil,  immerse  the  tube  first  in 
water  and  then  in  fuel  oil,  working  the  piston  up  and  down  5 or  6 times 
in  each  liquid.  Wipe  off  the  excess  fuel  oil,  then  squirt  light  machine 
oil  into  the  tube.  If  the  instrument  becomes  stiff  and  hard  to  work, 
remove  the  tube,  disassemble,  and  thoroughly  clean  the  piston  and  oil 
the  leather  washer.  Tube  walls  and  cutting  edges  are  comparatively  soft 
and  should  be  handled  with  some  care. 

11.  The  effective  piston-rod  length  should  be  adjusted  to  keep  the 
face  of  the  piston  flush  with  the  cutting  edge  of  the  tube  when  the  pis- 
ton rod  handle  (disk)  is  fully  depressed.  This  is  done  by  loosening  the 
setscrew  on  the  handle,  screwing  the  handle  up  or  down  to  the  correct 
position,  and  retightening  the  setscrew. 

Remolding  Equipment 

12.  The  equipment  for  the  remolding  test  consists  of  a steel  cylin- 
der approximately  2 in.  in  diameter  and  8 in.  long,  mounted  on  an  alumi- 
num base,  a 2-1/2-lb  steel  drophammer  sliding  on  an  18-in.  steel  staff 
with  handle,  and  a cone  penetrometer.  The  cone  penetrometer  may  be 
equipped  with  either  the  aluminum  shaft  with  the  0.5-sq-in.  cone  (for 
fine-grained  soils)  or  more  slender  steel  shaft  with  the  0.2-sq-in.  cone 
(for  remoldable  sands) . The  penetrometer  is  used  to  measure  soil 
strength  in  the  cylinder  before  and  after  remolding.  The  Hvorslev  samp- 
ler is  used  to  obtain  the  soil  sample  and  place  it  in  the  remolding 
cylinder. 

13.  The  testing  is  as  follows.  Take  a sample  with  the  sampler 
(Figure  B2a),  eject  it  directly  into  the  remolding  cylinder  (Figure 
B2b),  and  push  it  to  the  bottom  of  the  cylinder  with  the  foot  of  the 
drophammer  staff.  Measure  the  strength  with  the  penetrometer  by  taking 
cone  index  readings  as  the  base  of  the  cone  enters  the  surface  of  the 
soil  sample  and  at  each  successive  inch  to  a depth  of  4 in.  (Figure 
B2c) . Next,  apply  100  blows  with  the  drophammer  falling  12  in.  (Figure 
B2d),  and  measure  the  remolded  strength  from  the  surface  to  the  4-in. 
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depth  at  1-in.  increments,  as  was  done  before  remolding.  Occasionally, 
a sample  is  so  hard  that  it  cannot  be  penetrated  the  full  4 in.  In 
such  cases  the  full  capacity  of  the  dial  (300)  is  recorded  for  each  inch 
below  the  last  reading  obtained.  The  sum  of  the  five  cone  index  readings 
after  remolding  divided  by  the  sum  of  the  five  cone  index  readings  before 
remolding  gives  the  remolding  index. 


In  accordance  with  letter  from  DAEN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 
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Willoughby,  William  E 

Assessment  of  low-ground-pressure  equipment  for  use  in  con- 
tainment area  operation  and  maintenance  / cby  William  E. 
Willoughby^.  Vicksburg,  Miss.  : U.  S.  Waterways  Experiment 
Station  ; Springfield,  Va.  : available  from  National  Technical 
Information  Service,  1978. 

31,  68,  7 p.  : ill.  ; 27  cm.  (Technical  report  - U.  S.  Army 
Engineer  Waterways  Experiment  Station  ; DS-78-9) 

Prepared  for  Office,  Chief  of  Engineers,  U.  S.  Army,  Wash- 
ington, D.  C. 
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